The application of stimulants to improve growth rate and quality of crops is gaining importance. Such preparations do not harm the environment and may partly supplement the action of nutrients applied. Therefore, during 2012-2014, a study was conducted to evaluate the performance of several stimulants: an amino acid preparation, liquid fertilizer biostimulant, seaweed extract, a multiple natural foliar nanofertilizer and their combinations on wheat grain yield and quality. The results indicated that these preparations strongly influenced grain yield and baking traits such as falling number, protein content, wet gluten, sedimentation value and bread volume. The best results were obtained on using multiple natural foliar nanofertilizer + amino acid preparation, with 20.1% higher yield in 2013 and 22.6% higher yield in 2014 in comparison with the control. The most favourable values of technological features were obtained with multiple natural foliar nanofertilizer in combination with amino acid preparation or seaweed extract. Wet gluten was the highest and the protein content and bread volume were high after spraying wheat with multiple natural foliar nanofertilizer and the next values of protein content and sedimentation resulted from the use of seaweed extract. The interest in nanofertilizers and preparations that stimulate plant growth and development is increasing constantly and it may become one of the essential elements of cultivation technology in future. Broadening the knowledge on bioregulators can result in an increase in the effectiveness of agricultural production as well as in the quality of crops.
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WHEAT grain and its flour are characterized by optimum values of baking traits, thus ensuring quality and technological process stability. These traits are determined genetically as well as by a host of environmental factors such as growing zone and prevailing climate during crop growth [1] [2] [3] [4] [5] [6] [7] [8] . Application of plant nutrients through chemical fertilizers, particularly of nitrogen, to improve yield and quality is well known 5, [8] [9] [10] [11] [12] [13] [14] [15] . However, there is a demand for technologies which will lead to growing crops with better root systems, and nutrients uptake and use efficiency to overcome their lower availability in the soil both in organic and inorganic forms. The studies of cereal crops indicated that the use of biostimulants accelerated root and shoot growth. Also, higher levels of macronutrients and micronutrients were observed in these crops [16] [17] [18] [19] . Biostimulants applied to plants, seeds or growing substrates in specific formulations modify physiological processes. Small amounts of these organic substances stimulate plant growth and development unrelated to nutrients 20, 21 . They also positively influence the stress response 22 . Agricultural biostimulants can include microorganisms, trace elements, enzymes, plant growth regulators and seaweed extracts that are added to either crops or soil to improve the physiological processes in plants and boost their efficiency 21, 23, 24 . It has been reported that these preparations support the process of plants adapting to stressful conditions (both biotic and abiotic), and may increase metabolism and chlorophyll production 21, [25] [26] [27] [28] [29] . According to Craigie 24 , and Matysiak and Adamczewski 26 , the favourable effect of seaweeds on cultivated plants has been known in the regions where they are derived, and developing methods for obtaining durable extracts from them became the turning point in their application. Biostimulants contain many active agents such as growth hormones, auxins (acting on the formation of roots), cytokinins (regulating stem elongation), and polyamines and brassinosteroids (enhancing growth and development). The plant biomass and reproductive yields are improved by phytohormones contained in the extracts. The alginate, fucan and laminaran contained in marine algae preparations are essential for plants defence mechanisms against diseases and pests. Additionally, active substances of algal extracts in field crops can minimize the effect of drought stress, or P and K deficiency 21, [30] [31] [32] [33] . Biostimulants may be applied alone or along with synthetic preparations and growth regulators 25 . They are used mainly on leaves and may be added to the plant multiple times during its growth period 24 . The results of biostimulants depend on the time of their application and the dose 34 . To optimize the wheat grain production intended for consumption, it is necessary to consider factors that improve its quality. It is expected that apart from fertilization (especially with nitrogen), application of preparations supporting plant growth will determine the yield quality. Consequently, this study aimed to evaluate the effect of stimulants (amino acid preparation, liquid fertilizer biostimulant, seaweed extract, multiple natural foliar nanofertilizer and their combinations) applied in winter wheat cultivation on the yield and values of some baking traits of grain and flour. Moreover, relationships between the studied quality parameters were determined in conditions of the application of the preparations tested in the study. The experiment was conducted during 2012-2014 using Muszelka cultivar (Triticum aestivum L. -winter wheat) from the Kuyavian-Pomeranian region in Noteć Valley, Poland (53°12′24″N, 17°51′40″E). The soil in the experimental site has been classified by IUSS Working Group WRB as Haplic Luvisol (Cutanic), and characterized by the content of available P Egner-Riehm and K Egner-Riehm at the level of 173 and 180 mg kg -1 DM (high content) respectively, and content of available Mg Schachtschabel at the level 92.1 mg kg -1 DM (very high content) and neutral reaction (pH KCl 6.67). The experiment was laid out in randomized complete block design with four replications and the area of plots for harvest was 15 m 2 . Four stimulants and three combinations were used in the experiment (Table 1) . Winter wheat was sown between 20 and 30 September.
Phosphorus and potassic fertilizers in the form of 46% triple superphosphate and 57% potassium salt (30 and 70 kg ha -1 ) were applied in autumn, before performing winter plowing. Fertilization with nitrogen (120 kg ha -1 ) in the form of 34% ammonium nitrate was applied in spring (60 kg ha -1 at the early vegetative phase, 60 kg ha -1 at the shooting stage). Protective measures against weed infestation, pests and diseases were undertaken throughout the experimental period. Wheat grains were harvested at the full maturity stage (BBCH 92-99) in August. Grain yield adjusted to constant humidity of 15% was recorded. Representative grain samples were collected from each plot for determination of quality parameters such as falling number (FN) according Hagberg method, protein content (PC), wet gluten (WG), sedimentation value (SV) according Zeleny test and bread volume (BV). Falling number was determined in accordance with PN-ISO-3093. Three successive parameters (PC, WG, SV) were determined in whole-grain samples using a grain analyzer Infratec 1241 (Danmark, FOSS Analytical AB) which is capable of simultaneous determination of several constituents in whole-grain samples. Measurements are based on the fact that the main constituents in the grains absorb electromagnetic radiation in the near-infrared region of the spectrum. Values of the direct baking index (i.e. BV) were obtained after performing the single-phase baking process, according to the standard PN-A-74108.
The results obtained from the study were subjected to statistical analysis using ANOVA, and boundary differences were determined according to Tukey's test at significance level P = 0.05. The results were also subjected to analysis of simple correlations and linear regression.
The weather conditions during the study period (2012-2014) were variable ( Table 2 ). The amount and distribution of rainfall varied during the wheat growth period. In 2012-13, the total precipitation was higher than the longterm total by 60.9 mm, and temperature was similar to the mean from 1949 to 2010. Spring and summer months (except June) were characterized by a higher amount of precipitation for this region, which in July 2013 exceeded the long-term total by as much as 38.2 mm. The period 2013-14 was characterized by rainfall higher than average (by 34.7 mm) and air temperature lower than the long-term mean by 0.4°C. The total precipitation in June 2011 exceeded almost two times the long-term average, which amounted to 54.3 mm. Grain yield of winter wheat varied during the study period (Table 3) ; in 2014, it was 7.2% higher than in 2013. The lowest grain yield was obtained in 2013, when in June the conditions were extremely dry (mainly due to rainfall deficit). The relationships worked out confirm the effect of climatic conditions during the growth period on wheat grain yield as reported by other researchers 12, 14, [35] [36] [37] [38] . Deficit rainfall at earing, flowering and grain filling stages showed a negative effect on grain yield and its quality 39 . Wheat grain yield was determined by the application of growth stimulants (Table 3) . Multiple natural foliar nanofertilizer + amino acid preparation recorded higher grain yield by 22.6% and 20.1% during 2013 and 2014 respectively, compared to control. Experimental evidence showed, as reported by Dromantienė et al. 40 , that winter wheat grain yield increased by 0.13-0.37 t ha -1 (0.10-6.04%) with the application of amino acid preparation. The amino acids promote development of the root system and activate growth of the above-ground plant parts. Experiments showed that the amino acids, which were used for plant fertilization, promoted plant respiration, photosynthesis, water cycle as well as plant growth and yield. Besides, amino acids in the plants make chelate combination with the macro-and microelements, especially with microelements [41] [42] [43] [44] . According Masilionytė and Maikštėnienė 45 , very intense cell division and metabolism of protein and biologically active substances in Poaceae plants occur during the heading stage under favourable moisture regime and mineral nutrition. Therefore, it is likely that during this stage, the liquid amide nitrogen fertilizers with amino acids and foliar nanofertilizers with mineral elements tend to activate physiological processes which occur in the cells of winter wheat and also increase the grain yield. Significantly higher grain yield compared with control, from 6.8% to 20.6%, was also observed for the other experimental treatments (except for liquid fertilizer biostimulative in 2013). The positive effect of stimulants (Fertigrain, abscisic acid, Plonvit Active, Kelpak SL, Fertileader Vital-954) on wheat grain yield has been reported in several studies 13, [25] [26] [27] 29, 35, 46, 47 . Falling number is the trait from which the evaluation of grain baking quality should begin (results above the standard, i.e. 175-200 s, may indicate that the grain does not meet consumption requirements). In 2013 and 2014, the studied material was characterized by falling number values on average at the level 178 and 278 s (Table 3) , in contrast to high values found in other studies 3, 4, 6, 11, 48 . The stimulants used in the study had a marked influence on falling number and its values were significantly higher in comparison with control; the highest value was obtained with the treatment where multiple natural foliar nanofertilizer and seaweed extract were applied in combination (E + D). According to earlier studies, the falling number is affected by weather and genetic properties of the cultivar 6, 9, 49 . An important criterion of evaluation of wheat baking quality is protein content, which is genetically determined, but to a great extent modified by the cultivation technology and environmental factors 7, 9, 10 . In wheat grain it amounts to 78-174 g kg -1 DM 3, 4, 8, 16, 50 . Protein content in the grains of the studied cultivar was not very high ( Table 3 ). The applied preparations significantly determined protein content in grain, obtaining higher values in comparison with control, from 10.3% to 15.0% in 2013 and 8.0% to 14.3% in 2014. The highest protein content was obtained after the application of multiple natural foliar nanofertilizer + seaweed extract and slightly Parameter   GY  FN  PC  WG  SV  BV  GY  FN  PC  WG  SV  BV   C  A  B  D  GY -*** ** *** *** *** -*** *** *** ** *** FN *** -** *** *** *** *** -*** *** *** *** PC *** *** -*** * *** *** *** -*** *** *** WG *** *** *** -*** *** *** *** *** -*** *** SV *** *** *** *** -*** ** *** *** *** -*** BV ** * n.s. ** * -*** *** *** *** *** -
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smaller after the application of multiple natural foliar nanofertilizer and combination of amino acid preparation + seaweed extract. The increase in protein content in wheat grain and control after the application of preparations Kelpak SL, Plonvit Active and Fertileader Vital-954, has been reported earlier 35, 46, 47 . Averaged data showed that the amino acid fertilizers significantly increased protein content in winter wheat grain (by 0.62-0.81 percentage points) 40 . Akçura 1 observed a positive correlation between protein content and sedimentation value, and a negative correlation between protein content and grain yield. However, in the study by Knapowski et al. 7 , this feature was negatively correlated with grain yield, falling number, wet gluten content and sedimentation value, which does not correspond with the results of other studies 49 and confirmed in the present study (the highest for seaweed extract and amino acids preparation treatment) ( Table 4) . The gluten content statistically significantly correlated with protein content in grain in a study by Dromantienė et al. 40 . Grain from the treatments where stimulants were used (except for amino acid preparation and liquid fertilizer biostimulative in 2013) may be classified as bread wheat (boundary values 120-124 g kg -1 ) 51 . The baking quality of wheat flour is largely determined by the amount and quality of gluten. Wet gluten is composed of gliadins and glutenins, which are involved in the formation of the dough structure and then the bread. In 2013 and 2014 wet gluten of grain reached on average 24.7% and 28.0% level (Table 3) ; it was lower than the result of Matus et al. 3, 4 , and higher than those reported by Stępień et al. 8 and Sirbu et al. 27 . The amount of wet gluten in grain was significantly dependent on the stimulant applied. The highest values in 2013 and 2014 were observed for the treatments multiple natural foliar nanofertilizer (26.5% and 31.0%) and multiple natural foliar nanofertilizer + amino acid preparation (26.0% and 29.3%) respectively; these were higher in comparison with control and liquid fertilizer biostimulative by 3.9% and 3.4% as well as 3.0% and 2.5% respectively. The amount of wet gluten for experimental treatments (except B in 2014) reached statistical significance in relation to control. Positive effect of stimulants on the amount of wet gluten has been reported in earlier studies 27, 46 . Panayotova et al. 47 confirmed the favourable effect of liquid fertilizer biostimulative, and Matysiak et al. 35 of seaweed extract, on this feature, but only in the year when spring was a period of drought or semi-drought (similar to the second year of the present study). According to averaged data of 2007-09 in a study by Dromantienė et al. 40 , it could be claimed that the amino acids increase the content of wet gluten in the grain of winter wheat (the best results at 30.7-31.3%).
Sedimentation value is the baking index which characterizes the amount and quality of protein complex determining the bread structure. Stimulants (except for seaweed extract in 2013) significantly increased flour sedimentation value compared with control (from 5.6% to 22.2% in 2013 and 4.5% to 20.4% in 2014) ( Table 3 ). The flour obtained from the treatment with applied multiple natural foliar nanofertilizer + amino acid preparation (44 cm 3 -2013 and 47.8 cm 3 -2014) was characterized by the highest sedimentation value; it was higher not only in relation to control, but also in comparison with those treatments liquid fertilizer biostimulatant, seaweed extract and multiple natural foliar nanofertilizer in 2013, and from all the treatments in 2014. In respect of the sedimentation value, according to Podolska and Sułek 51 , grain harvested from all the experimental treatments can be classified as the wheat quality class.
A direct quality indicator which demonstrates the baking value of wheat grain is the bread volume from test baking. The stimulants applied in the experiment resulted in a significant increase in bread volume obtained from 100 g flour of cv. Muszelka, compared with control. The highest values in 2013 and 2014 (544 and 570 cm 3 respectively) were obtained for the treatment multiple natural foliar nanofertilizer + seaweed extract and slightly lower for seaweed extract (Table 3 ). Similar to the study by Knapowski et al. 11 , bread volume was significantly positively correlated with grain yield, falling number, protein content, wet gluten and the sedimentation value (Table 4 ). Positive relationships of bread volume with wet gluten and sedimentation value were also reported by Ralcewicz et al. 49 . The obtained results allowed the calculation of linear regression equations. They indicate that an increase in protein content in grain after application of seaweed extract, multiple natural foliar nanofertilizer, multiple natural foliar nanofertilizer + amino acid preparation and multiple natural foliar nanofertilizer + seaweed extract, say by 10 g kg -1 DM, may increase the amount of wet gluten in grain by: 5.88%; 8.09%; 6.02% and 5.93% respectively (Figure 1) , and sedimentation value of flour by 6.48, 7.81, 7.58 and 8.64 cm 3 respectively (Figure 2 ). The above relationships were confirmed in other studies as well 11, 49 . Foliar application of all stimulating preparations and fertilizers causes an increase in winter wheat grain yield compared with the control. The highest significant value was obtained after the application of multiple natural foliar nanofertilizer in combination with amino acid preparation (higher by 22.6% and 20.1% respectively for 2013 and 2014 compared to control). It is likely that liquid amino acid preparation and foliar nanofertilizers with mineral elements activate the physiological processes that occur in the cells of winter wheat and also increase the grain productivity. The most favourable values of technological traits, in turn, were obtained after the application of multiple natural foliar nanofertilizer in combination with seaweed extract or amino acid preparation (except for wet gluten content, which was the highest after spraying the plantation with multiple natural foliar nanofertilizer). Combined application of multiple natural foliar nanofertilizer and seaweed extract had the most favourable effect on grain yield and the studied features of winter wheat grain and flour. The interest in multiple natural foliar nanofertilizer and preparations stimulating plant growth and development is constantly increasing, it may become one of the essential elements of cultivation technology in future. Broadening the knowledge on bioregulators can help increase agricultural and horticultural production. Agricultural biostimulants may contribute to making agriculture more sustainable and resilient, and offer an alternative to synthetic protectants which have been increasingly falling out of favour among consumers. Therefore, there is a need for further studies of their applications in agriculture.
